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AN AUDIO-FREQUENCY SCHERING BRIDGE 


• THE PRESENT TREND in a-<- 

hrid^ert, uk in other meahiirin^ inHtrii- 
mentis, is toward direet-readin" dials, 
wliieh, in (‘onjunetion with deeade 
innltiplying switches, extend this di¬ 
rect-reading feature over a very wi<le 
range. It is equally desirable that the 
eleetri«‘al quantities thus nieasiinnl be 
those truly characteristic of the un¬ 
known inqiedance. 

I'he two most important charaeter- 
isti<'s of any condenser are its capaci¬ 
tance and |M)wcr factor. For any solid 
dielectric condenser these quantities 
remain practically constant over a wiile 
frequency range. The Schering bridge 
circuit. Figure 1, in w hich the resistance 
balance of the bridge is obtained by 
connecting a variable air contleiiser 
across the ratio arm opposite the un¬ 
known capacitance, is well adapted for 
the direct measurement of power factor, 
for this air condenser can be calibrated 
to read directly in fK>wer factor at any 
one frequency. 

The I'ypk 716-a Capacitance Bridge 
makes use of the Sc’hering bridge cir¬ 


cuit. Its three controls are conveniently 
arranged on its panel as shown in 
Figure 2, power factor flial on the right, 
(capacitance dial and drum on the left, 
with the capacitance multiplier above. 
(Capacitances up to 1 /xf and power 
factors up to 6% (O.Ofi expressed as a 
ratio) at a frequency of 1 kc can be 
read directly. This range embraces 



Figl'KE I. Schematic diagram of a conventiooal 
Schering bridge 
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ll«pacit«nce muhiftlier. FiiH-«ca|r 
fMngrm fmm lUOU lu I Mf 


<^nrralor lerminala — 
b> interchaaginc writit 
deiMilor tcrmio'etii b«> 
luw. 700 volta ran he 
applied lo the bridge 


Unknown niodenaer 
nay be cimneeied 
here for aubrlitutina 
fneaauremenl* 


fVeeiaion condenoer 
range ia from 100 UMf 
to lino fjjif 



Panel ia alotted for 
mniinting in a I9> 
inch relay rack. Cabi¬ 
net mounting ia aloo 
available 


Shielded terminal 
keefie aem rapari- 
tanre Icm than I ^tfif 


Power-faclnr ocale i» 
12 inchra long and m 
logarithmic front 

0.1% to 6% 


l)rtect<*r trrminaU may be inWrrhanged 
with generator terminala if deaired 


Fit;i'KE2. Panel view of the Type ('a|»afilancc Bridge showing prinripal rtinirols 



»050 ^ 


1000 


^50 


Fict'RE 2a (left). This is a full-sixe drawing of 
the precision-condenser scale, 'rhe smallest 
division is 0J2ttn( and O.fki/iMf can he estimated 


FiGi RE2b(right). The power-factor 
scale is also shown here full size. The 
open scale alhtws a |>ower factor of 
0.002% lo l»e estimated 



most of the capari lancet met with in 
communication and electrical engineer¬ 
ing; all but tlie largest sizt's of pajicr 
t'ondensers. mica conden»t»rs, cables, 
slabs of solid dielectric, liquids in large 
(htIIs, and ground c.apacitances of gen¬ 
erators and transformers. 

Tliis bridge can also be used for all 
I be various substitution methods. The 
direct-reading eontroLs greatly simplify 
not only the two balancings of the 


bridge but the calculatioos as well. 'Fhe 
direct-reading range of the standard 
condenser, a 'Fype 722-D Precision 
C.ondenser with only the large 1000-/i/iif 
scale, embraces most air condensers, 
small mica condensers, ceramic and all 
other kinds of insulators, slabs of all 
types of solid dielectrics and liquids 
such as insulating oils in oil cells. 

Capacitances greater than i(KK) /xpf 
and up to 1 n( may be compared by 
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subsliliitioii. riie ^landanl cou- 
ilriiiipr in the hriiige. together with it^ 
iniiltiplier. ma> art merely as a balanc¬ 
ing arm. or may also lake up the dilTer- 
enee between llie unknown anil the 
external stanilanl. 'Fhe bridge is thus 
eminently suited to the inter-eompari- 
son of sets of standards and to produc¬ 
tion t€‘sting, in which the dilTerences 
between tbe standard and the produc*- 
tion units in both capacitance and 
power factor may l>e st'cn to fall inside 
or outside predetermined limits. 

riie resistance balance of the bridge 
may also be made by mean.^ of an ex¬ 
ternal resistor, a 'Pypr 01)2 Decade 
Hesistance Box. connected in parallel 
with one of the capacitance arms. 
Blai-ed acn»ss the standard comlenser 
(see Figure '^) the bridge becomes 
direct reading in parallel resistance and 
capacitance, riiis eo\ers all <»nlinar\ 
measurements of the resistance of elec¬ 
trolytes. Greater accuracy ma\ be ob¬ 
tained by using a substitution method. 

When an external precision con¬ 
denser is uscmI. as was always the case 
with the older Type 21h Capacity 
Bridge, the resistance balance may l»e 
made with a series resistance. Tenth- 
ohm steps in this resistance give a finer 
adjustment than it is ^mssible to read 
on the power factor dial, except at fre- 
ipiencies below 200 cycles. In this 
manner the power factor balance may 
be made to 0.0001% (0.000001 ex¬ 
pressed as a ratio). 

The various features of the Type 
7l(»-A Capacitance Bridge, which make 
|H»ssible the wide range of uses just 
catalogued, are shown piclorially in 
Figure 2 and Figure 4. 'I'he most prom¬ 
inent of lliesi* are the open seales of the 
'Fype 722-D Precision (Condenser used 
as the standard of capacitance and of 
the 'Fype .W^-'FA Air Condenser used 
for measuring |Hjwer factor. Figure 
2a shows that 1 for which the 


precision condeii.Hi-r is direct reading, 
covers a space of 0.2 inches or 5 divi¬ 
sions. The limit of backlash and linear¬ 
ity of the worm are about 0.1 ggf, w hich 
is {'2 division, and 0.04 ggf has some 
significance. Figure 2b shows that 
around the zero of the jMiwer factor 
scale the smallest di\ision is (k0|% 
(O.OOOU. so that 0.002% (0.00002) may 
be estimated. 'Fhe negative portion of 
the scale is introduced so that in sub¬ 
stitution iiieasureiiients. in which the 
unknown condenser is connected across 
the internal standard, the power factor 
balance can be obtained without intro¬ 
ducing extra li»ss in the balancing con¬ 
denser connected across the Unknown 
('oNOENSER terminals. 'Fhe scale of die 
power-factor dial is approximate!) 
logarithmic from 0.1% up and cxtcmG 
to 6%. 

'Fhe capacitance range of the bridge 
is extended to I fji( by using four difTer- 
eiit ratio arms. Fhe switching needed to 
control these ratio arms is shown 
schematically in Figure 5. Associated 
with each ratio arm in the B arm is a 
mica condenser of such size that the 
resistance-capacitance product is ap¬ 
proximately constant. The exact eipial- 
izing of these products is carried/iut in 



Kicl 111!. 3. .Showing fn»w a deradc resii^lor ran o 
be connected lo read paraltel reninlaurc 

3 
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Figure 5. Compicle circuit diagram of ilic 
Type 710-A Capacitance Bridge 


the A arm b) means of four variable 
air eonclensers. A liflh air eondenser, 
whose 4'ontrol on the panel is marked 
PowiiR Factor Zero Adjlstmext, is 
provide(J to compensate for the tem¬ 
perature eo4?flieienl of the terminal 
capacitance of the input transformer. 

The success of a direct-reading 
bridge depends on so arranging the 


various component parts that no extra 
(‘apacitances are placed across the ca¬ 
pacitance arms. I'o attain this end i)oth 
ratio arms with their adjusting con¬ 
densers, the power factor condenser, 
and the input transformer arc mounted 
on insulated sub-panels and completely 
enclosed by cJust covers. This shield is 
conne4*ted to the junction of the ratio 
arms so that all terminal c'apacitances 
of these parts are placed across these 
arms and balanced out by the initial 
adjustment of the power factor con- 
<Iensers. 'Fhe shielding is extended to 
the high LSknown Condenser termi¬ 
nal and through the panel with the 
result that the capacitance across these 
terminals is not greater than I /xpif* 
input transformer is doubly shielded 
and the dire«’t admittance of the gener¬ 
ator winding to the insulated shield is 
kept very small. Its effect on the read¬ 
ing of the power factor dial is small ami 
comparable to the change in power 
factor of the standard condenser with 
setting. 


Fine-adjuntment Ratiu urnih. Ry uieuns of ihc Cuinficii«aling rondcnm-iT lo kec|i 

rompenaating swiirli. four miilliplying fartura fioHcr factor of ratio anua roii. 

condenaera in decade atepa are pro«ided ataiit for all multiplier poaitmna 


Omdeiiaer to roiii|NMi. 
Mate for teni|>rralure 
coefficient of ahieidrd 
trannforntrr 


I iiHuIated nhielda hIih‘Ii 
remove all atra> capar- 
•tanc4} anroM the ra- 
pacilance arm 



Doubly - Mhicldcd 
transformer hIucIi in 
needed for direct- 
reading itoHcr-factor 
dial 


Precioiun cuiidenocr. 
similar in cuiiatruc- 
tion to General 
Radio Type 722-1) 


PuMcr-factor condenser. IMatea are Adjuating platea by meami of wbicli 

aliaped to give a logarithmic acale condenser b made direct reading 


Figi RK 4. Bear view of the bridge with <mter and inner shields removed, identifying 
the principal etiniponenlrt 
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\« u resull of lliese design featiircH 
llu‘ afcMirufv of ili<* dim't readin^H of 
I Ilf bridge at a frcquenr) of 1 ke over 
the (’a|ia<*itanre range of 100 /i/if to 1 ^f 
is for eapaeitanee ztO.2% or zfc2 ^^f 
limes the Mi'LTIPLIKR setting, and for 
jxiwer factor ^O.OOOo or ±2% of llie 
dial reading. Kor substitution measure- 
meiits the aeeuracy in the power factor 
readings is improved to ±0.0000.') or 
± 2 % for the change in power fu<*tor 
observed. Two condensers can be com¬ 
pared to an accuracy of ± 0.2 /x/^f or 

±0.02S'. 

Vi bile the bridge is designed to be 
used at a frequency of 1 kilcM^ycle. it 
may be used over the whole uudio- 
frecpieiicy range from 60 cycles to 10 
kc. Sim*e the readings of the power 
factor ilial are proportional to fre¬ 
quency, its range is restricted at the 
low freipiencies ami extended at the 
high frequencies. 

—^ The input ami output terminals arc 

markeil (fENCKatok and IJetec.tor for 
the connections which place the input 
voltage across the ratio arms and give 
maximum sensitivity under most con¬ 
ditions. 'Pile voltage thus placed across 
the bridge is limited to 100 volts, liy 
interchanging generator and detector 
I'onnections. a maximum of 700 volts, 
the safe voltage of the standard con¬ 
denser, can l»e applieil across the 
Detector terminals for equal ratio 
arms and for 1 kc. 

Being provided with a <lust cover, 
this bridge may be mounted on a panel 
rack with its oscillator and amplifier as 
shown in Figure 6. The 'PYrE .yOB-A 
Oscillator and Types 711-A or 81 l-A 



PlccRE 6. Showing how lh»* bridge ran hr 
inoiintcd in u relay rack with Type .S()8-A 
O.^cillator and 'rvpK 714-A Amplifirr 

Amplifier are available for this use. 
'Phis asstnnbly conserves bench space 
and is particularly desirable for |H*rnia- 
nent installations ami pnaluction test¬ 
ing. The bridge is also available 
mounted in a walnut cabinet and may 
be used with its panel either vertical or 
horizontal, as is found most convenient. 

K. F. Field 




(iomplete s|>eci Pica lions for Pype 
716-A (>apac‘itam*e Bridge are given on 


Type 

Mountiufi 

7I6-AI< 

Relay Rack 

7I6-\M 

Cabinet 


pages 7M and 

80 of (!alalog J. Prices 

• 

are as follows: 


X 

Ox/e Word 

Trier 

z 

BONUS 


o 

BOSOM 

.tfiO.UI) 

«x4 
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A REDESIGN OF TYPE 200-B VARIAC 



• IMPROVED manufacturing 
methods have made it possible to fur> 
nish the Tyi»k 200-B Variac with an 
output voltage range of 0 to L3S volts. 
I'his has bi^ui accomplished without 
materially in«Teasing either size or 
weight. The new design jHjrmits this 
type of y A HI AC to be used for a num¬ 
ber of purposes to which the older 
model was not adapted because of its 
limited output voltage. 



20 40 60 BO n» «0 ui: 

OUTPUT voltage 

Figure 1 is a plan view of the wind¬ 
ing showing the terminals. The 
VARIAC can be so connected that the 
maximum output is ef|ual to the line 
voltage (ll.S volts) or is above line 
voltage (135 volts). Each of these con¬ 
ditions can be obtained for either table 
mounting or panel mounting, neces¬ 
sitating provision for four sets of con¬ 
nections as show n. 

The dial which reads directly in out¬ 
put voltage is reversible, reading 0 to 
115 volts on one side and 0 to 135 volts 
on the other. 
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Type 200-B Variars are wound on ihe machine nhown above 


SPECIFICATIONS 
Dimensions: 4 x 3^ x 3% inches, over-all. 

Net Weight: 3% pounds. Code Word: balsa. 
Price: $10.00. 

VAR I ACS are manufactured under U. S. Patent 
No. 2,009,013. 


Output-current 
V8. output-voltage 
characteristics for 
both 60-cyclc and 
30-cycle op€‘ration 
are shown in Fig¬ 
ures 2 to 5. Since 
the no-load loss is 
greater on 50-cycle 
supply, the maxi¬ 
mum output cur¬ 
rent is correspond¬ 
ingly reduced. 

Mumming caused 
hy vibration of the 
two halves of the 
core w as often pres¬ 
ent in the older 
model. Kach lami¬ 
nation in the new 
model is a complete 
annulus and no 
lendency to hum 
exists. 

T li e 8 e new 
I A HI ACS are 
now' being supplied 
on all orders for 
Type 200-B. 
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MISCELLANY 


• AMONG THE INSTRUMENTSexliib- 

iletl I»v (ifneral Radio al the Rochester 
Meetiii*; of the liisliliite of Radio 
Kiigiiijeers uere the 'PYtM-: 721-A (>oil 
(lomparator and the Tyim-: 726- A 
Vacuum-Tube Voltmeter. Roth instru¬ 
ments VNill he descril»efl in early issues 
of the KxpvnnwtUPr. 

• ON OCTOBER 1. Dr. Donald R. 
Sinclair joined the Knginccring Depart¬ 
ment of the General Radio Company. 
Dr. Sinclair uas educated at the I ni- 
versity of Manitoba and Massachusetts 
Institute of Technology, receiving the 
degrees of S.R. (1631), S.M. (1632) ami 
Sc.D. (1935) from the latter institution. 

Since 1632 he has been connected 
with M.I.T\ as a research associate. 
During this period, part of his time 
was spent al (General Radio in research 
work on high-frcipiency measurements, 
it is with distinct pleasure that the 
Engineering Department welcmnes him 
as a full-time (olleague. 

• MR. H. B. RICHMONO ((;eneral 
Radio's treasurer) has just returned 
from an extensive trip of exploration to 


California, (ioing out by boat, he ar- 
rive«l on the strike-bound coast just in 
time to heave a line in docking the ship. 
I lolly wood seems to have m’cupie*! most 
of the California time, (lie says busi¬ 
ness, our private reports have not come 
in yet.) Texas was next on the itinerary, 
for a first-hand comparison of the rela¬ 
tive attractions of the Kort Worth and 
Dallas Fairs. (Continuing east through 
(New Orleans and way stales, he 
emerged iinsi'athed from the ordeal of 
eleven nights in a sleeper. 

• MR. EDUARD KARPLUS has resuiiied 
his work on the (General Radio Engi¬ 
neering Staff after a several weeks’ trip 
to Austria, V. S. S. R., and France. 
Mr. Karplus visited relatives in V'^ienna 
and called upon our Austrian repre¬ 
sentatives, Dr. Raul lloliLscher ami 
C^ompany. In Moscow he conferred 
with officials of Technoprom ini port re¬ 
garding pending contracts for labora¬ 
tory installations. In Raris, he called 
upon Radiophon, our French repre¬ 
sentatives, in company with whom he 
invesligateil the bright lights of Raris. 


V/E Cell oral Ra€lio EXPEUl.M EyTER is mailed uithout charge enr/i 
month to engineers, scientists^ technicians^ and others interested in 
communication-frequency measurement and control prolAems, IT hen 
semling requests for suhscriptiotis and address-chati^e nfttices^ please 
supply the following information: name, company name, company ad¬ 
dress^ type of Inisiness company is etigaged in^ and title or position of 
imlividual. 
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